The re-emission in the cores of the Ca ii H & K and Hα lines, are well known proxies of stellar activity. However, these activity indices probe different activity phenomena, the first being more sensitive to plage variation, while the other one being more sensitive to filaments. In this paper we study the long-term correlation between log R HK and log I Hα , two indices based on the Ca ii H & K and Hα lines respectively, for a sample of 271 FGK stars using measurements obtained over a ∼9 year time span. Because stellar activity is one of the main obstacles to the detection of low-mass and long-period planets, understanding further this activity index correlation can give us some hints about the optimal target to focus on, and ways to correct for these activity effects. We found a great variety of long-term correlations between log R HK and log I Hα . Around 20% of our sample has strong positive correlation between the indices while about 3% show strong negative correlation. These fractions are compatible with those found for the case of early-M dwarfs. Stars exhibiting a positive correlation have a tendency to be more active when compared to the median of the sample, while stars showing a negative correlation are more present among higher metallicity stars. There is also a tendency for the positively correlated stars to be more present among the coolest stars, a result which is probably due to the activity level effect on the correlation. Activity level and metallicity seem therefore to be playing a role on the correlation between log R HK and log I Hα . Possible explanations based on the influence of filaments for the diversity in the correlations between these indices are discussed in this paper. As a parallel result, we show a way to estimate the effective temperature of FGK dwarfs exhibiting a low activity level by using the Hα index.
Introduction
Stellar activity is one of the main limitations to the detection of low-mass and/or long-period planets using the radial-velocity method (e.g. Saar & Donahue 1997; Santos et al. 2000; Queloz et al. 2001; Boisse et al. 2009 Boisse et al. , 2011 Dumusque et al. 2011b; Lovis et al. 2011; Gomes da Silva et al. 2012) . Fortunately, the radial-velocity noise induced by these effects can, in some cases, be corrected for example if the activity is simultaneously measured using activity indices (e.g. Dumusque et al. 2011a Dumusque et al. , 2012 . Therefore, understanding the behaviour of activity indices and their relation with radial-velocity is vital to reduce the impact of activity in radial-velocity measurements and thus improve its sensitivity to planetary signals.
The re-emission in the Ca ii H & K lines are widely used proxies of activity induced signals in radial-velocity measurements. However, for solar-type stars, the relation between this index and Hα is not well understood. Since these two activity indices are affected by different activity phenomena in different ways (the emission in the centre of the Ca ii and Hα lines are not formed at the same temperature in the chromosphere), understanding their relationship and differences might bring new insights not only to stellar physics but also to the detection and characterisation of extrasolar planets.
It is known that there is a long-term correlation between the emission in the Ca ii H & K and Hα lines that follow the Sun's 11-year activity cycle (Livingston et al. 2007) . Other authors have suggested that the correlation is also present in other stars (Giampapa et al. 1989; Robinson et al. 1990; Strassmeier et al. 1990; Pasquini & Pallavicini 1991; Montes et al. 1995) . However, when Cincunegui et al. (2007) measured simultaneously the flux in the two lines for a sample of 109 southern FGK and M stars, they found a large scatter in correlations, from very strong positive correlations to negative ones. They also suggested that the mean values of the flux in the Ca ii and Hα lines are correlated due to the effect of stellar colour on both fluxes.
Meunier & Delfosse (2009) studied the contribution of plages and filaments to the emission in Ca ii and Hα lines during a solar cycle. In their work, plages contributes to an increase in emission in both fluxes while filaments increases absorption in Hα only. They found that the contribution of filaments to Hα can be responsible for the decrease in the correlation coefficient between the two fluxes depending on their spatial distribution and contrast compared to those of plages. They also noted that at higher activity levels (e.g. cycle maxima), the filament filling factor saturates and the correlation between the two fluxes increases. Other factors contributing to a decrease in the measured correlation can be the time-span of observations, cycle phase at which they are measured, and stellar inclination angle. For example, if the time-span is less than the cycle period (or the activity range is not well spanned) the correlation will probably be underestimated. Santos et al. (2010) studied the long-term activity of 8 FGK stars using the Ca ii H & K based S MW and Hα indices and found a general long-term correlation between the two. However their sample was not large enough to have any statistical significance. Gomes da Silva et al. (2011) expanded the comparison between these two activity sensitive lines to early-M dwarfs. Similarly to Cincunegui et al. (2007) they detected a large variety of correlation coefficients, including anti-correlations for the least active stars in their sample. The most active stars were all, however, positively correlated. They also found hints that in some cases the Hα index was following an "anti-cycle" relative to their S -index, i.e., the maxima and minima measured in the two indices were anti-correlated. However, their time-span was not long enough to detect full cycles and confirm this effect.
In this paper, we analyse the behaviour of the flux in Ca ii H & K and Hα lines in FGK stars via two activity indices corrected for the effects of photospheric flux. We describe our sample and data in Sect. 2. The activity indices derivation, statistics, correlations between mean values, and activity cycle detectability are presented in Sect. 3 and Appendix A. The correlations between the two indices are discussed in Sect. 4. The distribution of the correlations in mean values of activity are discussed in Sect. 5. The effects of metallicity on the correlation are studied in Sect. 6, and the distribution of the correlations in effective temperature is presented in Sect. 7. We discuss possible causes for the existence of positive correlations and anti-correlations, and compare our results with those found for early-M dwarfs in Sect. 8, and finally conclude in Sect. 9. A possible use of the Hα index to estimate the effective temperature of low activity level FGK dwarfs is proposed in Appendix B.
Sample and data
The sample comes from the ∼400 FGK stars HARPS (spectral resolution = 115 000) high-precision sample already used by Lovis et al. (2011) to study the long-term activity of FGK stars and its effect on the measurement of precise radial velocities. A description of the sample is presented in their paper. The spectra used in this work were obtained between February 2003 and February 2012. We used effective temperature, metallicity, and surface gravity that were already calculated for this sample by Sousa et al. (2008) . Absolute magnitude and luminosity were both obtained from the Hipparcos catalogue.
We selected only spectra with S /N ≥ 100 at spectral order 56 (∼5870 Å), and nightly averaged our measurements. Only stars with 10 or more nights of observations were selected. Then, we selected just the Main Sequence (MS) stars as in Lovis et al. (2011) : we fitted a straight line through the H-R diagram and then excluded all stars with luminosity greater than +0.25 dex above that line.
We ended up with 271 MS stars with a median time span of ∼7 years that we used for the rest of this work. This sample is comprised of 11,432 data points, with a median of 23 nights of observations per star (and a maximum of 279). The sample ranges in spectral type from F8 to K6, in effective temperature from 4595 to 6276 K, and in metallicity from −0.84 to +0.39 dex.
The activity indices
The log R HK index, which is already corrected for the photospheric flux (Noyes et al. 1984) , and respective errors were directly obtained from the HARPS DRS. This index is based on the S -index which is calculated as the sum of the flux in two 0.6 Å bands centered at the calcium H (3968.47 Å) and K (3933.66 Å) lines divided by two 20 Å reference bands centered at 3900 and 4000 Å (see e.g. Boisse et al. 2009 ).
The Hα index and errors were calculated as in Gomes da Silva et al. (2011) . We used a 1.6 Å band centered at 6562.808 Å and divided the flux in the central line by the flux in two reference bands of 10.75 and 8.75 Å centered at 6550.87 and 6580.31 Å, respectively. The flux errors were calculated as the photon noise in the line core, √ N, where N is the number of photons in the band. The activity indices errors were obtained via error propagation. The calibration of Hα for the effects of photospheric flux is presented in Appendix A and results in the I Hα index.
Statistics of the log R HK index
Our sample, which is biased towards inactive stars in order to increase the chances of finding low-mass planets, has a median log R HK of −4.948 and a mean of −4.923. In this 271-star sample, only 22 (around 8%) are considered active stars, with log R HK ≥ −4.75, lying on the higher activity region above the "Vaughan-Preston gap" (Vaughan & Preston 1980) .
The star with the highest activity level is HD224789, with log R HK = −4.433 and the most inactive star is HD181433 with log R HK = −5.144. The median of the errors obtained for the log R HK index is 0.003, or in relative terms, 0.06% around the mean. In terms of variability, the median standard deviation of the sample is 0.0154 (0.3% around the mean), with HD177758 being the least variable star with σ(log R HK ) = 0.0035 (0.07% around the mean) and HD7199 the star that varies the most with σ(log R HK ) = 0.08 (1.6% around the mean).
Statistics of the log I Hα index
In terms of log I Hα , our sample has a median value of −1.7129 and a mean of −1.7118. The star with the highest log I Hα mean value is HD85119, with an activity level of −1.6562 and the most inactive star is HD82516 with log I Hα = −1.7299. The median of the errors we obtained for the log I Hα index is 0.0002, or in relative terms, 0.01% around the mean. As stated before, we are only considering photon noise as a source of errors, and since the Hα line is in a brighter area of the spectrum compared to the Ca ii H & K lines, we expect the photon noise to be lower for I Hα than for R HK . In terms of variability, the median standard deviation of the sample is 0.0019 (0.11% around the mean), with HD74014 being the least variable star with σ(log I Hα ) = 0.0008 (0.05% around the mean) and HD224789 the star that varies the most with σ(log I Hα ) = 0.0063 (0.4% around the mean).
From these simple statistics we can see that the log R HK is more sensitive to activity variations than log I Hα . While log R HK has a median standard deviation of 0.3% of the mean, log I Hα only has a median standard deviation of 0.1% of the mean, which means that log R HK will have a more noticeable variation.
Mean activity level correlations
Our activity indices are corrected for the effects of photospheric flux, and can, if they are not dependent on other factors other than chromospheric flux, be used to compare the activity levels between different stars. Figure 1 (upper panel) shows the correlation between the mean values of log R HK and log I Hα . These mean values were calculated by averaging the two indices over all our nightly measurements, and represent the average activity level of each star. Open triangles are stars with correlation coef- ficient, ρ ≥ 0.5, squares are stars with ρ ≤ −0.5, and dots stars with no strong correlations. There is a correlation between the indices, with a correlation coefficient of 0.53, but the scatter is large and the relation appears not to be linear (c.f. Cincunegui et al. 2007 , Fig. 12 ). However, if we choose only the positively correlated stars (open triangles), they show a slightly more well defined relationship for the mean values with a correlation coefficient of 0.65. When Cincunegui et al. (2007) studied the correlation between the mean values of the flux in Ca ii and Hα they concluded that the correlation between them is due to the dependence of the mean fluxes on stellar colour. Indeed, when we plot the logarithm of the mean indices S MW vs. Hα (without colour correction), we have a stronger correlation with ρ = 0.79 ( Fig.  1, lower panel) . We can therefore confirm that stellar colour is playing a role in the correlation between the mean flux levels of the Ca ii and Hα lines. 
Activity cycles: detectability
To detect activity cycles we fitted sinusoids to the time-series of the two activity indices. The significance of the fitting process was addressed by using an F-test where F = σ 2 const /σ 2 sin to compare the fitting of a sinusoid with that of a constant model with σ being the standard deviation of the residuals of the fitted model. The probability p(F) will give the probability that the data is better fitted by a constant model than a sinusoidal function. We selected stars with cycles as the ones where probabilities, p(F) HK and p(F) Hα , are lower than 0.05 and, similarly to Lovis et al. (2011) , we searched for periods in the region between 2 and 11 years.
Based on this selection criteria and using log R HK , we detected 69 stars (26%) with significant activity cycles with periods varying between 2.0 and 10.8 years. The log I Hα index, however, is not so sensitive at detecting magnetic cycles. Only 9 stars (3.3%) showed significant cycles with periods varying between 3.9 and 9.5 years. As a comparison, Robertson et al. (2013) detected activity cycles with periods longer than one year in 5% of their sample of 93 K5-M5 stars using an Hα index similar to ours. In their study of activity cycles based on this sample but with a different selection criteria, Lovis et al. (2011) found that, out of their 284-star sample, 99 stars (35% 1 ) showed long-term activity cycles in their log R HK index. Their slightly higher fraction of stars with cycles is probably due to the fact that they use a different selection criteria with a different restriction on the number of data points (some of their stars with detected cycles have less than 10 observations), we use only data with S /N ≥ 100, and we have more data points.
Correlations between log R HK and log I Hα
For all stars we calculated the Pearson correlation coefficient between log R HK and log I Hα . As was detected by Cincunegui et al. (2007) for the flux in the Ca ii H & K and Hα lines, we also find a great variety of correlation coefficients between log R HK and log I Hα , in the range −0.78 ≤ ρ ≤ 0.95 (Fig. 2) . Although there is a tendency for the stronger correlations to be positive, we found a few cases of anti-correlations with ρ ≤ −0.5.
Since we are interested in studying the cases of strong longterm correlations between the flux in the Ca ii H & K and Hα lines, we made a new selection of stars with good quality data that we are going to describe in the following section.
Stars with "strong" long-term correlations
We are interested in measuring the long-term Pearson correlation coefficient (ρ) between the log R HK and log I Hα indices. We need therefore to ensure that we have (a) a long time-span to certify that we are measuring long-term variations 2 , (b) variability in the long-term so that we are not measuring correlations due to noise, (c) no short-term variations that can interfere with or hide the long-term ones, (d) enough quantity of points to calculate a significant ρ, and (e) strong correlations. To achieve this, we perform the following selection criteria on our 271-star sample:
1. All data was binned into 100-day averages, each bin with at least three nights of observations, where the errors were calculated as the standard error on the mean, σ/ (N), where σ is the standard deviation of the observations and N the number of observations. This will reduce the variation induced by short-term activity modulated by stellar rotation. 2. We selected stars with at least four bins. This selection ensures that we have enough points to calculate ρ and that the time span is at least 400 days. 3. Only stars that showed long-term variability in log R HK were selected. This will ensure that we are not detecting random variations due to noise. We performed an F-test on the binned data where F = σ 2 e / σ i 2 , with σ e the standard deviation of the binned data and σ i the mean of the errors on the bins (e.g. Zechmeister et al. 2009 ). We calculated the probability of the F-test, P(F), that the variations are due to the internal errors of the binned data, and selected stars with P(F) ≤ 0.05 (95% probability that the variability in not due to the internal errors). 4. We also applied the variability F-test for the log I Hα index in a similar way as described above. 5. To select significant correlation coefficients between log R HK and log I Hα we calculated the False Alarm Probability (FAP) of having absolute values of ρ higher than the ones obtained for each star by bootstrapping the binned data and calculating the fraction of cases with higher |ρ| values. We used 10000 permutations per star to calculate the FAP values.
Only stars with FAP ≤ 0.05 (95% significance level) were selected.
6. Stars with strong correlations were selected as the ones having |ρ| ≥ 0.70.
From the 129 stars that passed selections (1) and (2), 95 stars (73.6%) show long-term variability in log R HK , 51 stars (39.5%) show long-term variability in log I Hα , and 45 stars (34.9%) show long-term variability on both indices. Out of the 45 stars that show variability on both indices, 12 stars (26.7%) show strong positive correlations between the indices, 10 of them (22.2%) having positive correlations while two (4.4%) having anti-correlations. Table 1 shows the variability and correlations data for the 12 stars with strong long-term correlations, where N bins the number of bins for each star, ρ the correlation coefficient value, FAP the false alarm probability of ρ, and the parameters of the F-tests for both activity indices. The time series of log R HK , log I Hα , and their respective correlations for these 12 stars are shown in Fig. B .2. We also tried to fit sinusoids to these stars (see Sect. 3.4) using the binned data of both indices to check if these stars have significant activity cycles. These fits appear in Fig.  B .2 if the p(F) HK of the fit is lower than 0.05 (95% significance level). Two stars, HD100508 and HD78612, only have four bins and therefore do not have enough free parameters to calculate the probability of the fit. From the stars with more than four bins, three have p(F) values lower than 0.05 for the log R HK index, namely HD4915, HD63765, and HD88742. These are all stars with strong positive correlations. The 7 stars with significant cycles in log R HK have periods in the range 1528 to 10665 days, and 5 of them could be fitted in log I Hα with the same period found for log R HK and a p(F) Hα value lower than 0.05 (HD13808, HD154577, HD215152, HD7199, and HD85512). For this sample, no star showed a period in log I Hα that was not found also in log R HK , and at a higher significance.
To try to understand why some stars have positive correlations while others have negative, we compared the correlations with the basic stellar parameters shown in Table 2 . The two stars with negative correlations are shown in bold. First, we observe that the two stars with the negative correlations are two of the most inactive in terms of both log R HK and log I Hα . Second, while all the stars with positive correlation coefficient have negative metallicity (median value of −0.20 dex), the two stars with negative correlations have positive metallicity (median value of 0.34 dex).
Although we can se hints that activity level and metallicity could be influencing the correlation between the two indices, the small number of stars we are using is insufficient to clearly show a solid trend between these parameters. We therefore chose to relax our selection criteria to increase the number of stars in our sample and check if the trends with activity level and metallicity are maintained.
"Relaxed" selection of stars with correlations
To increase the number of stars in our study we discarded the variability tests, FAPs on the correlation coefficients and used the full data sets based on the nightly averaged data. The correlation coefficient limit was also decreased to |ρ| ≥ 0.5. This produced a larger sample which will include weaker correlations that can be due to a lower number of data points, shorter time-spans, and/or due to short-term variations. We shall therefore take this part of the study as an indication and not as a proof. However we will now be able to do statistical tests to this sample.
Using this selection, we found that out of the 271 stars in our original sample, 58 (21.4% of the sample) have positive Notes. The average values of log R HK and log I Hα were calculated using the binned data.
correlations between log R HK and log I Hα , and 8 (3.0% of the sample) have anti-correlations. Table B .1 shows the 66 stars with |ρ| ≥ 0.5 with their activity mean levels and standard deviations, stellar parameters, and correlation coefficient between the two indices. Stars with correlations coefficients in the range −0.5 < ρ < 0.5 (no correlations) are presented in Table B .2. All the eight stars with negative correlations (ρ ≤ −0.5) have low log R HK activity levels with a median value of −4.97 and a median super-solar metallicity with a value of 0.20. The 58 stars with positive correlations (ρ ≥ 0.5) have log R HK with a median value of −4.81 and a median sub-solar metallicity with a value of −0.16. This "relaxed" selection appears to maintain the trends found in Section 4.1. In the next sections we will study these trends for this sample of stars.
Mean activity level and correlations
Here we investigate the distribution of the positively and negatively correlated stars in terms of log R HK and log I Hα activity levels. Figure 3 (upper panel) shows the distribution of activity as measured by the log R HK index. The black line is the histogram of the selected sample of 271 main sequence stars. We can observe the selection bias against active stars as the great majority of the sample lies between −5.1 and −4.8 dex, with a median of −4.95 dex. The hatched and filled grey histograms show the distribution in average activity level of the stars with positive and negative log R HK -log I Hα correlations, respectively. The median of the negatively correlated stars is close to the median of the full sample (but with a tendency to be less active) with a value of −4.97 dex, while the median of the positively correlated stars lies in a higher activity zone, with a value of −4.81 dex. In general, the majority of the least active stars show no strong correlations between the two indices. However, it is obvious from the plot that there is a tendency for the positively correlated stars to be more active in general, and all stars more active than log R HK = −4.7 have positive correlations between log R HK and log I Hα . The relative histogram in Fig. 3 (lower panel) illustrates very well this tendency.
The separation between positively and negatively correlated stars is further confirmed by the Kolmogorov-Smirnov (K-S) test that shows that the two populations are distinct with a p-value of 0.002 and a D value 3 of 0.664. A similar distribution was found for log I Hα (Fig. 4) . The correlation between the two indices have different distributions according to activity level, with negatively correlated stars being the least active ones and the positively correlated stars increasing in number with I Hα activity level. In this case, the K-S test have a D = 0.513 and p-value = 0.03. The histograms also show that the values in log I Hα are very well constrained between −1.73 and −1.70, and only a few cases of higher activity stars exists beyond these values. Note that, in the relative histogram (lower panel) the "hole" in the region between −1.675 and −1.660 is due to lack of data.
Metallicity and correlations
Is stellar activity the only variable playing a role in the definition of the correlation or anti-correlation observed? In Table  B .1, it is noticeable that there is a tendency for the eight stars with negative correlation between the log R HK and log I Hα indices to have super-solar metallicity. We plotted the histogram of the two populations, the ones with a positive and a negative correlation, against metallicity (Fig. 5 ). Symbols and colours are the same as the ones presented Fig. 3 . In Fig. 5 (upper panel) the median of the negatively correlated stars is not coincident with de medians of both the sample and the positively correlated stars. The histogram shows that, again, there seems to be two These plots show that for a given activity range, metallicity is still having an impact on the correlation between log R HK and log I Hα . Our analysis was based on a small number of anti-correlated stars, and our conclusions can be a consequence of small-number statistics. Also, as was stated before, this sample is not rigorous in terms of long-term variability of the stars or the significance of the correlations used. Further studies with a larger number of metal-rich stars would be crucial to confirm or refute these results. 
Effective temperature and correlations
We also analysed what would be the effect of temperature on the correlations between log R HK and log I Hα . Figure 7 (upper panel) shows the distributions of the correlations for the full sample (black), the positively correlated stars (hatched grey), and negatively correlated stars (filled grey). Black vertical line is the median of the full sample with a value of 5604 K, dashed vertical line the median of the positively correlated stars with a value of 5243 K, and dotted line the median of the negatively correlated stars with a value of 5386 K. There is an observational bias toward brighter stars and therefore hotter ones. However, the positively correlated stars seem very well distributed across the temperature range, which implies that, relative to the full sample distribution, there are more cooler stars having positive correlations than hotter stars. This can be easily observed in the lower panel of Fig. 7 . Stars with negative correlations appear also well distributed in effective temperature, but are only restricted to the range between ∼5000 and ∼6100 K. It would be easier then to find positively correlated stars among the cooler dwarfs. This ef-fect is probably due to the fact that, in our sample, cooler stars have a tendency to be more active than the hotter ones (Fig. 8) . All the stars in our sample with log R HK > −4.7 have effective temperatures lower than 5500 K. And as we saw before in Sect. 5, all stars with activity higher than −4.7 have positive correlations.
Since the Mount Wilson survey, it is known that stellar age and mean activity level are related: younger stars exhibit higher activity levels than their older counterparts (Baliunas et al. 1995) . Stars with 0.55 < B − V < 0.9 which are evolved have lower activity levels than non-evolved stars (do Nascimento et al. 2003) . Furthermore, Wright (2004) found that most of the stars classified as "flat" or "Maunder minimum", showing very low activity and no variability, were in fact evolved or subgiant stars. Recently, Schröder et al. (2013) showed that the mean activity level decreases with relative MS-age. This confirms theorectical work by Reiners & Mohanty (2012) . In other words, cooler K and M dwarfs did not had enough time to evolve (and decrease their activity level) so much as F-stars which evolve faster. We therefore observe cooler stars at a relative younger stage, and consequently higher activity levels, than their hotter counterparts.
The tendency for more earlier types in our sample will then be a consequence of the bias towards less active stars due to the planetary search nature of this survey.
Discussion

Interpretation of the correlations via the effect of filaments and plages
So, why we sometimes see stars with anti-correlations (and "anti-cycles") when we measure the flux in the Hα line? Meunier & Delfosse (2009) studied the contribution of plages and filaments to the S MW and Hα indices for the case of the Sun. They noted that the emission in the Ca ii lines increases in the presence of plages but is almost unaffected by filaments (their contribution is negligible). On the other hand, filaments contribute to the absorption in the flux of Hα while plages contributes to emission. However, the filling factor of filaments saturates at a given activity level while plages filling factor continues to increase as the activity level increases further. This saturation will contribute to an increase of the correlation between the flux in the two line cores for higher activity levels. For the Sun, the filaments are not only found in active regions. They explain that the positive correlation between the two indices is due to the fact that as activity gets stronger (higher emission in the Ca ii lines), for the Hα index, which is more sensitive to filaments than the Ca ii lines, the contribution of plages becomes more important than the contribution coming from filaments, because their contribution saturates at a certain activity level. This will produce the observed strong positive correlation between the two indices for higher activity stars as observed in Fig. 3 and 9 . On the other hand, the low-activity stars with anti-correlation between the emission in Ca ii and Hα, which appear in Fig. 3 and 9, can be explained if these stars have the filaments with a strong contrast (compared to plages) and which not reach the saturation limit. The occurrence of positively correlated stars at higher activity levels and negatively correlated stars at lower activity levels that we observe in Section 5 can then be explained by the effect of filaments on the flux of the Hα line.
If the positively and negatively correlated stars are two different populations in terms of metallicity as discussed in Section 6, and if the ratio of the contrast/filing factor of filaments to plages 4500 5000 5500 6000 6500 is responsible for the anti-correlation between the flux in the Ca ii H & K and Hα lines, then metallicity might have an effect on the presence of filaments (or their contrast and/or filling factor) in the stellar corona. This could be used to predict the correlation between these two indices and to forecast the presence, contrast, and/or filling factor between plages and filaments for a given star.
Comparison with M dwarfs
In a previous work, Gomes da Silva et al. (2011) studied the long-term activity of 30 M0-M5 dwarfs and found hints of Hα "anti-cycles" (inverted in comparison to the log R HK cycles) on some stars of their sample. The potential maxima and minima of some stars were anti-correlated. This can be an indication that the physical mechanisms responsible for the anti-correlation, and thus "anti-cycles", between the two indices are present both 4500 5000 5500 6000 6500 in solar-type stars and at least in the earlier M dwarfs. The authors also found that after a certain value of S -index activity all M-dwarfs in their sample have positive correlations, and found a case of an anti-correlation with correlation coefficient value lower than −0.5 in the least active stars zone (see their Fig. 3) . We should note, however, that their S -index was not corrected for the effects of photospheric flux, and therefore there is a temperature contribution to the mean index values that will vary from star to star. Nevertheless, their distribution of correlations is compatible with ours in the sense that after a certain level of activity all active stars have positive correlations, and there are some cases of low activity stars with anti-correlations (Fig.  9) . Since both FGK and early M stars have radiative cores with convective envelopes, their activity phenomena might not be too different (contrary to later M dwarfs which are fully convective). Therefore, if the contribution of filaments to the Hα absorption is the sole responsible to the anti-correlation between the flux in the Ca ii and Hα lines, then it is possible that this phenomenon is occurring in a similar way for the two types of stars.
Further studies of the correlations between the two indices for later M dwarfs would be interesting to understand how the behaviour of the two indices evolve in spectral type and infer about the presence of filaments in fully convective stars.
Conclusions
We studied the correlation between the flux in the Ca ii H & K and Hα lines via two activity indices, R HK and I Hα , corrected for photospheric flux. A sample of 271 low activity FGK stars, observed during ∼9 years, was used to this effect. This study was the larger scale study (in both sample number and time-span) of the correlation between these two chromospheric indices for solar-type stars.
We detected significant activity cycles in 69 stars (26% of our sample) using the log R HK index, but only in 9 stars (3.3%) using log I Hα . The Hα line is not so sensitive at measuring longterm variations as the Ca ii lines. We also found a great variety of correlation coefficients, in the range −0.78 ≤ ρ ≤ 0.95, similar to what was found by Cincunegui et al. (2007) . Possible explanations for this variety are given by Meunier & Delfosse (2009) and include the spatial distribution and difference in contrast of filaments relative to plages. To study the correlation between the log R HK and log I Hα indices we first selected only the stars showing "strong" long-term correlations between the two indices by applying a rigorous selection criteria based on variability F-tests, using FAPs on the correlation coefficients and binning the data to 100-day bins. This selection criteria returned a sample of 12 stars where two of them have anti-correlations and the rest positive correlations. We observed that the two stars with anti-correlations have tendency to have lower activity levels and super-solar metallicity when compared to the positively correlated stars.
Since this rigorous selection returned a small number of stars, we relaxed the selection criteria to increase our sample and study the trends found with the rigorous selection. Using this selection criteria we found that:
-58 stars (21% out of 271) have positive correlations (with ρ ≥ 0.5) and 8 stars (3% out of 271) show anti-correlations (with ρ ≤ −0.5). These numbers are compatible with those found by Gomes da Silva et al. (2011) for early-M dwarfs. Some of the stars with strong anti-correlations show "anticycles" measured in log I Hα : negative activity cycles when compared to those measured by log R HK . -The stars with positive correlation between the two indices have a tendency to be more active than those with negative correlations. In fact, all the stars with log R HK ≥ −4.7 have positive correlation between the indices. We interpret this behaviour using Meunier & Delfosse (2009) results that after a certain level of activity, the contribution to absorption in the Hα line by filaments saturates, and only plages contribute to emission in both Ca ii and Hα. -We also found a tendency for the stars with negative correlations to be more metal rich than the rest of the sample and that this holds for stars of similar activity level. -The distribution of the correlations in effective temperature was also studied, and we detected that, in relative terms, there are more cooler stars showing positive correlations than hotter stars. This is because, in our sample, cooler stars are in general more active than hotter ones, and there is a tendency for the more active stars to have positive correlations. -As a parallel result, we found that our Hα index can be used to estimate the effective temperature of a low-activity FGK star.
These results might affect planet detections since activity is one of the main source of errors in radial velocity (and photometric) measurements. It would be interesting to compare the correlation between the flux in the Ca ii H & K and Hα lines with the measured radial velocity and see if this correlation has any effect on the observed radial velocity signal. The Hα index is calculated from the fraction of the flux in the Hα line centre to the flux in two continuum reference bands, one bluer other redder than the hydrogen line. This is sufficient if we are interested in determining the activity evolution over time for a star. However, stars with different colours have different amounts of flux in the continuum, and this will make the average Hα level not comparable between different stars due to a systematic error introduced by the photospheric flux interference in the measurements (e.g. Cincunegui et al. 2007) .
To be able to compare the average Hα index between different stars the photospheric contribution to the index need to be taken into account. Figure A. 1 shows the calibration of Hα to the effects of stellar colour. We fitted Hα to (B−V) using a cubic polynomial which resulted in a standard deviation of the fit of 0.0004. Our corrected I Hα activity index is then 
Appendix B: Estimating effective temperature using the flux in Hα line
The Hα line wings are known to be a proxy of effective temperature (e.g. Fuhrmann et al. 1993; Barklem et al. 2002) and are sometimes used to confirm more accurate results by other methods. For example, Bouchy et al. (2008) used the wings of the Hα line to derive a temperature of 5450 ± 120 K for the star CoRoT-Exo-2. Sozzetti et al. (2007) compared the Hα wings to those of synthetic spectra to obtain a temperature region of 5750-6000 K for TrES-2 (other authors that used the same technique as a rogue estimate of temperature include Santos et al. 2006; Sozzetti et al. 2009 ).
We found that our Hα activity index is also a good proxy of T eff . Figure  B .1 shows a quadratic fit to the correlation between these parameters. Active stars (open circles) were not used due to their contribution to a larger scatter. We obtained an rms of the T eff residuals of σ = 68 K, and a correlation coefficient of ρ = −0.96. The calibrated T eff is of the form 
